Abstract. Empirical location of the ZZ Ceti instability strip, as well as atmospheric parameters of individual objects, is extremely difficult to determine, and the literature values of T e fjoften differ by 2000 K. For optical spectra, very small systematic errors of observations or models have a large influence on the result. In the UV the situation is slightly better, but the spectra with some certainty can provide only a relation between T e ff and log g. All literature values, that rely on spectroscopy only, are unreliable; accurate determinations require the use of additional constraints like parallaxes, V magnitudes or gravitational redshifts.
INTRODUCTION
WET campaigns on the brighter DOV and DBV white dwarfs were a spectacular successes, with the determination of masses, effective temperatures, rotational velocities and structure of the outer layers with unprecedented accuracy. Similar efforts for the cooler variable DA white dwarfs, the ZZ Ceti stars, have turned out to be much more difficult. The reason for this is quite obvious -whereas in PG 1159-035 over 100 modes have been identified, in the ZZ Ceti stars there are very few modes. The identification of the modes, as well as investigation of the internal structure are very difficult to obtain.
Under these circumstances spectroscopic studies, which could -in principle -provide accurate temperatures and masses, would be a valuable help. Unfortunately, the spectroscopic derivation of atmospheric parameters in this temperature range is very difficult, with many conflicting results scattered in the literature (see Koester & Vauclair 1997, hereafter KV) , which adds more confusion than help.
SPECTROSCOPIC ANALYSIS OF ZZ CETI STARS
The problems of intepreting spectra of ZZ Ceti stars have been discussed among others by KV. In the optical range, the ZZCeti stars happen to be at the temperature, where the Balmer lines reach maximum strengths, which means that a change in atmospheric parameters results in only very small changes in the appearance of the spectra. In addition, the uncertainties in the description of the convective energy flux result in significant uncertainties of the theoretical spectra. Very small errors in the reduction of observed spectra or minor differences in the theoretical treatment of convection can cause differences up to 2000 K in the derived effective temperatures (KV). In the UV the analysis was hampered for a long time by a lack of quantitative calculations of the quasimolecular satellites at 1400 and 1600 A, which dominate the UV spectra of these objects. This problem has been finally solved with the theoretical work of Allard and collaborators (e.g. Allard et al. 1994) . With this treatment at hand, it has been possible to fit UV spectra of ZZ Ceti stars and to conclude that a convection theory with an intermediate efficiency is necessary for a satisfactory fit (Koester et al. 1994, hereafter K94; Bergeron et al. 1995, hereafter B95) . However, the appearance of the satellites depends mostly on the ionization equilibrium, which determines the relative strengths of the 1400 and 1600 A satellites. As this depends on temperature and gravity, the UV spectra do not change much along a line from low T, low g to higher values of T and g, which technically means that for a x 2 fit the confidence region for e.g. 1 a is a very long valley in this direction and small uncertainties in models or observations can cause large excursions of the best fit parameters. The only way to overcome this problem is to use additional constraints like the visual magnitude (which constrains the slope of the flux from visual to UV), the parallax (constraining the relation between log(? or R and T e ff), or gravitational redshift. In this study we exploit the first two, since only one ZZ Ceti star has a measured gravitational redshift.
We demonstrate the use of these constraints for WD 1236-495 (= BPM37093), which is of much interest at the moment, since it may be crystallized in the interior. Fig. 1 shows fit results to IUE spectra in the T e ff, logp plane. Using only the shape of the UV spectrum the fit is quite unconstrained along a diagonal line in this diagram (thin continuous curve; the ellipse is the la = 67% confidence region). Adding the constraint of the visual magnitude results in the small ellipse (dotted line). Unfortunately, the magnitude also has an error, and taking that into acount results in the larger dotted curve. The dashed ellipses give the results when using the parallax (including its error) as constraint. This Figure clearly shows that the constraints narrow down the uncertainties considerably, and that we can probably be rather confident, if both constraints are consistent. The black lines show the constraints from parallax and V magnitude alone, without any spectral fitting.
Before any spectral fitting one has to decide, which parametrization of the mixing length theory should be used. We have first made a large study with a huge range of parameters for the MLT versions ML0, ML1 and ML2 (see e.g. KV for the conventions used in the Teff Fig. 2 . Atmospheric parameters of ZZ Ceti stars using only the spectral shape in the UV (top), or the V (middle) or the parallax (bottom) constraints. The diagonal dotted lines are the theoretical blue edges of the instability strip using various MLT versions for theoretical pulsation analysis (see KV). Note much larger scale for log g in the top panel.
nomenclature and their physical meaning). Criteria were the quality of fit as judged by the final x 2 value, as well as consistency among the various constraints. It turns out that the best fits are obtained with ML1, a = 1.75 and ML2, a = 0.6 -0.7. For some spectraeven of the same target -one description is better, for another spectrum a different approximation results in a better fit, and overall these versions cannot be really distinguished, confirming the earlier conclusions of K94 and B95. It should be noted, however, that for individual spectra these equally acceptable descriptions may give results different by far more than the formal errors, thus emphasizing the problems of obtaining reliable results. To get results comparable to the preferred choice of B95 -ML2/a = 0.6 -we use this version for most of this study.
RESULTS
For this paper we have used 26 UV spectra from IUE and HST for 14 ZZ Ceti stars. All of them have published V magnitudes, and 10 have parallaxes, ground-based or from Hipparcos. For WD 0104-464, WD 0517-116, and WD 0858+363 the quality of the spectra did not allow any fit.
For the other objects Fig. 2 shows the results in graphical form, using the spectral shape only (top), the V constraint (middle) and the parallax constraint. As expected, the parallax constraint, which utilizes the absolute flux level, is the most stringent constraint and the results are the most reliable. It is therefore rather unfortunate, that the published values for WD 0133-116, WD 0921+354, and WD 2326+049 must be much more in error than their published errors, since they are totally inconsistent with the absolute IUE flux and the V magnitudes. Table 1 gives the final results in numerical form. This is not identical to Fig. 2 , since we have sometimes combined results for several different spectra as well as for different constraints or even different MLT versions, if they are consistent within the errors. This cannot be a totally "objective" result but contains bias based on a subjective judgement. In our opinion, these are the most secure estimates of ZZ Ceti parameters currently available.
The difficulty to obtain reliable parameters in the ZZ Ceti range and the remaining uncertainties with data found in the literature, and even in the table above, can hardly be overestimated. It is a real challenge to determine the true location of the instability strip, and this goal has certainly not yet been reached. Another remaining discrepancy is that while the best fit to spectra is obtained with ML2/a = 0.6, the blue edge of the instability strip from pulsational analysis with the same version is at much lower temperature than observed.
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